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ELECTRON SOURCE SUBSTRATE WITH
HIGH-IMPEDANCE PORTION, AND
IMAGE-FORMING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to an electron source substrate having,
one or a plurality of electron-emitting devices and to an
image-forming apparatus using the electron source substrate
in which a plurality of electron-emitting devices are arranged
in a matrix shape and connected by wirings.

2. Related Background Art

Hitherto, with respect to an electron source substrate in
which an electron-emitting device comprising a pair of device
electrodes and an electroconductive thin film which 1s formed
over the device electrodes and has an electron-emitting region
1s formed on an 1nsulative substrate, when the surface of the
substrate 1s charged, electron-emitting characteristics of the
clectron-emitting device become unstable and a discharge
deterioration of the electron-emitting device 1s caused. There-
tore, there has been known a method whereby the surface of
the substrate on which the electrodes and the electroconduc-
tive thin film have been formed 1s spray-coated with a coating,
liquid containing a component material of an antistatic film
and baked, thereby forming the antistatic film (for example,
refer to Japanese Patent Application Laid-Open Nos. HOS-
180801 and 2002-358874).

The device electrodes and the electroconductive thin film
which construct the electron-emitting device are formed on
the substrate on which the antistatic film 1s formed and, fur-
ther, X-directional wirings and Y-directional wirings are
formed on the electron source substrate which 1s used for an
image-forming apparatus and 1n which a plurality of electron-
emitting devices are matrix-driven. Therefore, such a situa-
tion that a thickness of antistatic film near the electron-emit-
ting device increases due to a delicate balance of thicknesses
of the device electrodes, the electroconductive thin film, the
X-directional wirings, and the Y-directional wirings or the
like and a sheet resistance decreases extremely 1s liable to
occur. Particularly, when the antistatic film 1s spray-coated,
distribution of the thickness of antistatic film 1s liable to occur
due to conditions such as surface tension of the coating liquid,
a contact angle of the substrate surface as a substratum film,
and the like 1n addition to the above conditions. If the thick-
ness of antistatic film 1s large and the sheet resistance
decreases extremely as mentioned above, even at the time of
a low voltage ({or example, low voltage at which electron
emission regarding the non-selection devices 1snot caused) 1in
a non-driving mode, a micro current tlows, so that there 1s an
problem of an increase 1n electric power consumption. In the
case where such an electron source substrate 1s used for the
image-forming apparatus, a driver IC for driving of a capacity
which 1s larger than an inherently necessary capacity by an
amount of such a leakage current has to be used, resulting 1n
an 1crease 1n costs.

Particularly, 1t has been found that 1n the antistatic film near
the electron-emitting region, an influence of the increase in
leakage current mentioned above 1s large. This point will be
described with reference to FIG. 22.

In FIG. 22, reference numeral 1 denotes an insulative sub-
strate; 2 and 3 a pair of device electrodes; 4 an electrocon-
ductive thin film formed over the device electrodes 2 and 3; 5
a gap serving as an electron-emitting region; and 6 an anti-
static film. According to the studies of the present inventors et
al., 1thas been found that even 1f the antistatic film 6 1s formed
as a high-resistance film, as shown by a path (current path)
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indicated by arrows 1n FIG. 22, a predetermined amount of
current flowing through an area of the antistatic film 6 adja-
cent to the electroconductive thin film 4 exists and such a
current amount largely influences a value of the leakage cur-
rent. Although a detailed phenomenon 1s obscure, according
to the consideration of the present inventors et al., 1t has been
found that since the portion of the gap 5 of the electrocon-
ductive thin film 4 has an extremely high resistance, a voltage
across the device electrodes 2 and 3 through the electrocon-
ductive thin film 4 1s concentrated on the gap 5 (the electro-
conductive thin film 4 of the left side in the case where the gap
5 1s used as a boundary has almost the same electric potential
as that of the device electrode 2, the electroconductive thin
film 4 of the right side has almost the same electric potential
as that of the device electrode 3, and the gap 5 becomes the
actual voltage applying portion), the antistatic film 6 of the
area which 1s come 1nto contact with the electroconductive
thin film 4 near the gap 3 becomes a path (current path) whose
resistance 1s lower than those of the other portions, and the
leakage current 1s concentrated.

Since a similar current path also exists between the pair of
device electrodes although an extent of the current path 1s
smaller than that of the portion near the electron-emitting
region, a measure against the leakage current 1s also neces-
sary between the pair of device electrodes 2 and 3.

SUMMARY OF THE INVENTION

The mvention 1s made 1n consideration of the foregoing
conventional problems and 1t 1s an object of the invention to
provide an electron source substrate which can suppress a
leakage current flowing across device electrodes at the time of
a low voltage 1n a non-driving mode, thereby decreasing a
load of a drniver IC 1n the case of using an 1image-forming
apparatus, enabling the driver 1C of a small capacity to be
used, and enabling the costs of the image-forming apparatus
to be decreased.

To accomplish the above object, according to the invention,
there 1s provided an electron source substrate comprising: a
substrate; an electron-emitting device having a pair of device
clectrodes locating on the substrate and an electroconductive
thin film which 1s provided between the device electrodes and
has a gap serving as an electron-emitting region; and an
antistatic film which 1s 1 contact with at least the pair of
device electrodes and covers over an exposed surface of the
substrate, wherein a high-impedance portion which obstructs
a current caused between the pair of device electrodes
through the antistatic film 1s formed on the antistatic film.

According to the mvention, there 1s provided an 1mage-
forming apparatus 1n which an electron source substrate hav-
ing a plurality of electron-emitting devices and X-directional
wirings and Y-directional wirings which are connected to
cach of the electron-emitting devices and formed in crossing
directions and a substrate having an 1mage-forming member
for displaying an image by irradiation of an electron beam
from the electron source substrate are arranged so as to face
cach other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross sectional view showing a fun-
damental construction regarding one electron-emitting
device 1n an electron source substrate according to the mven-
tion;

FIG. 2 1s a schematic plan view showing a fundamental
construction regarding one electron-emitting device 1n an
clectron source substrate according to the mvention;
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FIGS. 3A and 3B are diagrams showing examples of a
wavelform of an applied voltage which 1s used for forming;

FIGS. 4A and 4B are diagrams showing examples of a
wavelorm of an applied voltage which 1s used for activation;

FIG. 5 1s a schematic plan view of an electron source
substrate having a plurality of electron-emitting devices (an
antistatic film 1s omitted here);

FIG. 6 1s a schematic perspective view ol an image-form-
ing apparatus using the electron source substrate shown 1n
FIG. § with a part cut away;

FI1G. 7 1s a schematic plan view showing the state before an
clectroconductive thin film 1s formed during a manufacturing
step of the electron source substrate having a plurality of
clectron-emitting devices;

FIG. 8 1s a schematic plan view showing the state before the
forming during a manufacturing step of the electron source
substrate having a plurality of electron-emitting devices;

FIG. 9 1s an explanatory diagram of a step of forming a
high-impedance portion in the electron source substrate
according to the embodiment 1 and 1s a schematic plan view
showing a fundamental construction regarding a pair of
device electrodes on the substrate of FIG. 8 which 1s obtained
until an electroconductive thin film 1s formed after the device
electrodes were formed:

FIG. 10 1s an explanatory diagram of the step of forming
the high-impedance portion in the electron source substrate
according to the embodiment 1 and 1s a schematic plan view
showing the state where a resist film has been formed on the
substrate of FIG. 9;

FIG. 11 1s an explanatory diagram of the step of forming
the high-impedance portion in the electron source substrate
according to the embodiment 1 and 1s a schematic plan view
showing the state where an antistatic {ilm has been formed on
the substrate of FI1G. 10;

FIG. 12 1s an explanatory diagram of the step of forming
the high-impedance portion in the electron source substrate
according to the embodiment 1 and 1s a schematic plan view
showing the state where the resist film has been peeled off
from the substrate of FIG. 11;

FIG. 13 1s an explanatory diagram of the step of forming
the high-impedance portion in the electron source substrate
according to the embodiment 1 and 1s a schematic plan view
showing the state where a resist film has been formed on the
substrate of FIG. 12 again;

FIG. 14 1s an explanatory diagram of the step of forming
the high-impedance portion in the electron source substrate
according to the embodiment 1 and 1s a schematic plan view
showing the state where an antistatic {ilm has been formed on
the substrate of FIG. 13 again;

FIG. 15 1s an explanatory diagram of the step of forming
the high-impedance portion in the electron source substrate
according to the embodiment 1 and 1s a schematic plan view
showing the state where the resist film has been peeled off
from the substrate of FIG. 14;

FIG. 16 1s an explanatory diagram of a measuring and
evaluating apparatus of characteristics of the electron source
substrate;

FIG. 17 1s a schematic plan view showing a fundamental
construction regarding one electron-emitting device 1n an
clectron source substrate according to the embodiment 2 1n
which a high-impedance portion has been formed by laser
irradiation;

FIG. 18 1s an explanatory diagram of a step of forming a
high-impedance portion 1 an electron source substrate
according to the embodiment 3 and 1s a schematic plan view
showing a fundamental construction regarding a pair of
device electrodes 1n the state where a substratum pattern has
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been formed on the substrate shown i FIG. 7 which 1s
obtained after X-directional wirings were formed;

FIG. 19 1s an explanatory diagram of the step of forming
the high-impedance portion in the electron source substrate
according to the embodiment 3 and 1s a schematic plan view
showing the state where an electroconductive thin film has
been formed between device electrodes on the substrate of
FIG. 18;

FIG. 20 1s an explanatory diagram of the step of forming
the high-impedance portion in the electron source substrate
according to the embodiment 3 and 1s a schematic plan view
showing the state where an antistatic {ilm has been formed on
the substrate of FIG. 19;

FIG. 21 1s an explanatory diagram of the step of forming
the high-impedance portion in the electron source substrate
according to the embodiment 3 and 1s a schematic plan view
showing the state where the substratum pattern has been
removed from the substrate of FIG. 20;

FIG. 22 1s an explanatory diagram of a conventional elec-
tron source substrate; and

FIG. 23 1s a schematic plan view showing a fundamental
construction of an electron source substrate according to the
embodiment 4.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(1]
By

ERRED

The mvention will be further explained hereinbelow.

FIGS. 1 and 2 are schematic diagrams showing a funda-
mental construction regarding one electron-emitting device
in an electron source substrate according to the invention.
FIG. 1 1s a cross sectional view. FIG. 2 1s a plan view. In the
diagrams, reference numeral 1 denotes the substrate; 2 and 3
the pair of device electrodes; 4 the electroconductive thin
f1lm; 3 the electron-emitting region; 6 the antistatic film; and
7 a high-impedance portion (refer to FIG. 2) formed 1n the
antistatic film 6.

The substrate 1 1s made of an 1nsulative material such as
glass or the like. It 1s preferable that the substrate 1 1s made of
a material in which a silicon oxide film having a thickness of
about 0.5 um has been formed as a sodium block layer onto
glass such as soda lime glass or the like containing a small
quantity of sodium, a quartz plate, or the like so as not to exert
an adverse ifluence on electron-emitting characteristics of
the electron-emitting device constructed by the pair of device
clectrodes 2 and 3 and the electroconductive thin film 4 hav-
ing the electron-emitting region 3.

A general conductive material can be used as a material of
the device electrodes 2 and 3. For example, it 1s possible to
properly select one of a metal such as Ni, Cr, Au, Mo, Pt, Ti,
or the like, an alloy such as Pd—Ag or the like, a print
conductor made of a metal, glass, and the like, a transparent
conductor such as I'TO or the like, etc. A film thickness of each
of the device electrodes 1s preferably set to a value within a
range from hundreds of A° to a few um.

An interval between the device electrodes 2 and 3, a length
of each of the device electrodes 2 and 3, a shape of each of the
device electrodes 2 and 3, and the like are properly designed
in accordance with an application of the electron source sub-
strate or the like. Generally, the interval between the device
clectrodes 2 and 3 1s set to 1 to 100 um and the length of each
of the device electrodes 2 and 3 1s set to a few to hundreds of
L.

As a method of forming the device electrodes 2 and 3, a
general film forming method such as sputtering or the like,
patterning by a photolithography, a printing method such as
offset printing, or the like can be used.
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To obtain good electron source characteristics, 1t 1s particu-
larly preterable that the electroconductive thin film 4 1s a
fine-grained {ilm made of minute particles and 1ts film thick-
ness 1s preferably set to 1 to 50 nm although 1t 1s properly
selected 1n accordance with step coverage to the gap between
the device electrodes 2 and 3, a resistance value, forming
conditions, which will be explained hereinatter, and the like.

In the state before the forming (state before the electron-
emitting region 5 1s formed), which will be explained here-
inafter, 1t 1s preferable that the resistance value of the electro-
conductive thin film 4 has a certain value enough to enable the
forming step to be easily executed. Specifically speaking, it 1s
desirable that the resistance value lies within a range from 10°
to 107 €/[]. On the contrary, it is preferable that the electro-
conductive thin film 4 after the forming (after the electron-
emitting region S was formed) has a low resistance value so
that a suilicient voltage can be applied to the electron-emit-
ting region 3 through the device electrodes 2 and 3. Therelore,
it 1s desirable that the electroconductive thin film 4 1s formed
as a thin film of metal oxide having a sheet resistance value
below 10° to 107 /[, it is deoxidized after the forming
process, and a metal thin film of a lower resistance 1s formed.
Theretore, a lower limit of the resistance value of the electro-
conductive thin film 4 in the final state 1s not particularly
limited. The resistance value of the electroconductive thin
film 4 mentioned here denotes a sheet resistance value which
1s measured 1n an area which does not include the electron-
emitting region 5.

As a material of the electroconductive thin film 4, there can
be given: a metal such as Pd, Pt, Ru, Ag, Au, or the like; an
oxide such as PdO, SnO,, In,O;, or the like; a boride such as
HiB, or the like; a carbide such as TiC, SiC, or the like; a
nitride such as TiN or the like; a semiconductor such as S1, Ge,
or the like; carbon; or the like. As a forming method, 1t 1s
possible to use an arbitrary one of various methods such as ink
jet coating method, spin-coating method, dipping method,
vacuum evaporation depositing method, sputtering method,
and the like.

As a component material of the antistatic film 6, 1t 1s
possible to preferably use a carbon material, metal oxide such
as tin oxide, chromium oxide, antimony oxide, I'TO, or the
like, a material 1n which a conductive material has been
dispersed into silicon oxide or the like, etc. It 1s preferable that
a resistance value of the antistatic film 6 1s a sheet resistance
value below about 10" €/[] to prevent the discharge and it is
also desirable to control it to a resistance above 1x10° Q/
from a viewpoint of suppressing a leakage current. A film
thickness of the antistatic film 6 1s determined 1n accordance
with a desired resistance value and, generally, 1s preferably
set to 1 to 100 nm. As a forming method of the antistatic {ilm
6, a sputtering method, a vacuum evaporation depositing
method, a dipping method, a spray-coating method, a spin-
coating method, a polymerizing method by an electron beam
using carbon gases, a plasma polymerizing method, a CVD
method, or the like can be given.

Although the antistatic film 6 shown in the diagrams has
been formed on the device electrodes 2 and 3 and the electro-
conductive thin film 4, 1t can be also patterned and formed so
as to selectively cover an exposed surface of the substrate 1 1n
the state where 1t 1s come 1nto contact with at least the device
clectrodes 2 and 3 and the electroconductive thin film 4.

The high-impedance portion 7 obstructs a current caused
across the pair of device electrodes 2 and 3 through the
antistatic {ilm 6 and 1s provided 1n a position where the anti-
static 11llm 6 1s separated into a region which i1s continuous
with the device electrode 2 and a region which 1s continuous
with the device electrode 3. It 1s desirable that the high-
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impedance portion 7 has a sheet resistance value which 1s 100
or more times as large as that of the antistatic film 6 adjacent
to the high-impedance portion 7 so that the current can be
obstructed. Specifically speaking, it 1s desirable to have a
sheet resistance value larger than 1012 €/

The high-impedance portion 7 can be formed as a thin {ilm
portion or a discontinuous portion of the antistatic film 6 by
the following method. For example, the antistatic film 6 1s not
formed on the whole exposed surface of the substrate 1 but
formed while leaving the gap (discontinuous portion),
thereby partially and separately forming the antistatic film 6
of the device electrode 2 side and the antistatic film 6 of the
device electrode 3 side, or after the antistatic film 6 1s formed
at least on the whole exposed surface of the substrate 1, the
thin film portion or the discontinuous portion i1s formed
between the antistatic film 6 of the device electrode 2 side and

the antistatic film 6 of the device electrode 3 side, for
example, by 1rradiation of a laser beam, or the like. The
forming method of the high-impedance portion 7 will be
described 1n detail in the embodiments.

The forming step of forming the electron-emitting region 5
into the electroconductive thin film 4 will now be described.

In the forming step, by applying a voltage from an external
power source under a vacuum atmosphere and supplying a
current across the device electrodes 2 and 3, the electrocon-
ductive thin film 4 1s locally destroyed, deformed, or altered,
thereby forming the gap-shaped electron-emitting region S in
the electrically high-resistance state. Generally, a pulse wave-
form 1s used as a voltage which 1s applied and there are a case
of applying pulses whose pulse peak values are set to a pre-
determined voltage as shown 1n FIG. 3A and a case of apply-
ing pulses while increasing the pulse peak value as shown 1n
FIG. 3B. Ordinarily, a pulse width T1 1n FIG. 3A 1s set to
about 1 usec to 10 msec, a pulse interval T2 1s set to about 10
usec to 100 msec, and a peak value (peak voltage upon form-
ing) 1s properly selected in accordance with the material of the
clectroconductive thin film 4 or the like. In FIG. 3B, a pulse
width T1 and a pulse interval T2 are equal to those 1n FIG. 3A
and a peak value and an increase amount of the peak value are
properly selected in accordance with the maternal of the elec-
troconductive thin film 4 or the like.

In the case of using the metal oxide as an electroconductive
thin film 4, by energizing and heating 1t under an atmosphere
containing a small quantity of gas such as hydrogen or the like
having reducing performance, the electron-emitting region 5
can be formed while reducing the electroconductive thin film
4. The electroconductive thin film 4 which was mitially made
of the metal oxide as a main component becomes the electro-
conductive thin film 4 made o the metal as a main component
aiter the forming process, so that the resistance at the time of
driving the electron-emitting device can be reduced. A step of
perfectly reducing the electroconductive thin film 4 can be

also added.

The forming process can be finished at the following tim-
ing. That1s, a voltage of alevel which does notlocally destroy
or deform the electroconductive thin film 4, that 1s, a pulse
voltage of, for example, about 0.1V 1s applied between the
pulses for forming, a device current 1s measured, a resistance
value 1s obtained, and when a resistance which 1s 1000 or
more times as large as that before the forming process 1s
shown, the forming process 1s finished.

As will be explained hereinaiter, 1n the case of executing
the additional forming to form a fissure into the antistatic film,
this means that the forming of an energy higher than that in the
above forming step 1s further executed after the resistance
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value which 1s 1000 or more times as large as that of the
clectroconductive thin film 4 before the forming process 1s
shown as mentioned above.

An activating step wherein a film (not shown in FIGS. 1 and
2) made of carbon and/or a carbon compound as a main
component 1s arranged in the electron-emitting region 3
tformed by the forming step and on its peripheral electrocon-
ductive thin film 4 will now be described.

The activating step 1s executed, for example, by introduc-
ing a gas ol a proper carbon compound into the vacuum and
applying a pulse voltage across the device electrodes 2 and 3.
By executing the activating step, an emission current emitted
from a portion near the electron-emitting region 5 can be
fairly increased.

Since a preferable gas pressure of the carbon compound 1n
the activating step differs depending on the application of the
clectron source substrate, a kind of carbon compound, or the
like, 1t 1s properly set 1n accordance with circumstances.

As a proper carbon compound, there can be given: an
aliphatic hydrocarbon class of alkane, alkene, or alkyne; an
aromatic hydrocarbon class; an alcohol class; an aldehyde
class; a ketone class; an amine class; an organic acid class of
phenol, carvone, sulifone, or the like; etc. For example, in the
case of trinitrile, a pressure of the carbon compound which 1s
introduced is preferably set to about 1x107> to 1x107* Pa
although 1t 1s slightly mfluenced by a shape of a vacuum
apparatus, members used for the vacuum apparatus, a kind of
carbon compound, and the like.

By executing the process for applying the pulse voltage
across the device electrodes 2 and 3 1n the state where the
carbon compound exists, the film made of the carbon and/or
the carbon compound 1s formed from the carbon compound
ex1isting 1n the atmosphere into the electron-emitting region 3
formed by the forming step and on its peripheral electrocon-
ductive thin film 4.

FIGS. 4A and 4B show preferable examples of the wave-
form of the applied voltage which 1s used 1n the activating
step. Generally, the maximum value of the voltage which 1s
applied s properly selected from arange o1 10t0 20 V. In FIG.
4A, T1 denotes the positive and negative pulse widths of the
voltage wavetorm, T2 indicates the pulse mterval, and the
positive and negative absolute values of the voltage value are
set to an equal value. In FIG. 4B, T1 and T1' denote the
positive and negative pulse widths of the voltage wavetform,
12 indicates the pulse interval, T1>T1", and the positive and
negative absolute values of the voltage value are set to an
equal value.

The activating step 1s executed while measuring the device
current or emission current and 1t can be finished when the
device current or emission current 1s set to a desired value.
The pulse width, pulse interval, pulse peak value, and the like
of the pulse voltage which 1s applied are also properly set 1n
accordance with the kind of carbon compound, 1ts gas pres-
sure, and the like.

A constructional example of the electron source substrate
as mentioned above, that 1s, the electron source substrate
having a plurality of electron-emitting devices and an 1mage-
forming apparatus for displaying an image by using such an
clectron source substrate will now be described with refer-
ence to FIGS. 5 and 6.

FIG. 5 1s a schematic plan view of the electron source
substrate having a plurality of electron-emitting devices (the
antistatic film 6 1s omitted here). FI1G. 6 15 a perspective view
of the image-forming apparatus using such an electron source
substrate with a part cut away. The same component elements
as those in FIGS. 1 and 2 are designated by the same reference
numerals.
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As shown 1n FIG. 5, in the electron source substrate, a
plurality of pairs of device electrodes 2 and 3 are formed onto
the substrate 1 and the electroconductive thin film 4 having
the electron-emitting region 5 1s formed over each pair of
device electrodes 2 and 3. The high-impedance portion 7 1s
formed 1n the antistatic film 6 1n the position where a leakage
current flowing across each pair of device electrodes 2 and 3
through the antistatic film 6 can be suppressed.

Y-directional wirings (lower wirings) 8 connected to the
device electrodes 3 are formed on the substrate 1. X-direc-
tional wirings (upper wirings) 10 connected to the other
device electrodes 2 are further formed over the substrate 1
through sulative layers 9 1n the direction which crosses the
Y-directional wirings 8. With respect to the Y-directional
wirings 8 and the X-directional wirings 10, 1t 1s required that
their resistances are low so that an almost equal voltage 1s
supplied to the electron-emitting devices and their materials,
f1lm thicknesses, wiring widths, and the like are properly set.
As an example of a forming method of the Y-directional
wirings 8, the X-directional wirings 10, and the 1nsulative
layer 9, a combination of a printing method or a sputtering
method and a photolithography technique, or the like can be
used. Each electron-emitting device can be selectively driven
by applying the voltage across the device electrodes 2 and 3
through the Y-directional wirings 8 and the X-directional
wirings 10.

In the image-forming apparatus shown 1n FIG. 6, the elec-
tron source substrate shown 1n FIG. 5 1s arranged as a rear
plate 60. A face plate 64 obtained by forming a phosphor film
62, a metal back 63, and the like onto the inner surface of a
transparent insulative substrate 61 such as glass or the like 1s
provided so as to face the rear plate 60. Reference numeral 65
denotes a supporting frame. The rear plate 60, the supporting
frame 65, and the face plate 64 are seal-bonded with 1rit glass
or the like and construct a panel-shaped chest.

A space surrounded by the rear plate 60, the supporting
frame 65, and the face plate 64 becomes a vacuum atmo-
sphere. The vacuum atmosphere can be formed by providing
an exhaust pipe for the rear plate 60 or the face plate 64,
vacuum-e¢xhausting the inside, and thereafter, sealing the
exhaust pipe. However, 11 the seal-bonding of the rear plate 60
and the face plate 64 which 1s executed through the support-
ing frame 65 1s performed 1n a vacuum chamber, the vacuum
atmosphere can be easily formed.

The 1mage can be displayed by the following method. A
driving circuit to drive the electron-emitting devices 1s con-
nected to the image-forming apparatus, the voltage 1s applied
across the desired device electrodes 2 and 3 through the
Y-directional wirings 8 and the X-directional wirings 10 to
thereby allow electrons to be emitted from the electron-emit-
ting region 3 (refer to FIGS. 1 to 3A and 3B), and a hugh
voltage 1s applied to the metal back 63 as an anode electrode
from a high-voltage terminal 66, thereby accelerating an elec-
tron beam and allowing the beam to collide with the phosphor
film 62.

By arranging a supporting member (not shown) called a
spacer between the face plate 64 and the rear plate 60, a
panel-shaped chest of a large area having a sutlicient strength
against the atmospheric pressure can be constructed.

The electron-emitting device 1n which the electroconduc-
tive thin {ilm 4 having the electron-emitting region 5 (refer to
FIGS. 3A and 3B) over the pair of device electrodes 2 and 3
1s called a surface conduction electron-emitting device.
According to fundamental characteristics of the surface con-
duction electron-emitting device, in the case where the volt-
age 15 equal to or higher than a threshold voltage, the emission
clectrons from the electron-emitting region (electron-emit-
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ting region 5) are controlled by the peak value and the width
of the pulse-shaped voltage which 1s applied across the device
clectrodes 2 and 3 which face each other and the current
amount 1s also controlled by its imtermediate value. There-
fore, a halftone display can be performed. In the case where a
number of electron-emitting devices are arranged as 1n the
embodiment, if the lines to be selected are decided by a
scanning line signal of each line and the pulse-shaped voltage
1s properly applied to each electron-emitting device through
cach mformation signal line, the voltage can be applied to
arbitrary electron-emitting devices and the arbitrary electron-
emitting devices can be turned on.

The construction of the image-forming apparatus men-
tioned above 1s shown as an example of the image-forming,
apparatus of the invention and various modifications are pos-
sible on the basis of the technical 1dea of the invention.

First, the processes until the electroconductive thin film 4 1s
formed after the device electrodes 2 and 3 were formed will be
described with reference to FIGS. 7 and 8. FIG. 7 1s a sche-
matic plan view showing the state before the electroconduc-
tive thin film 4 1s formed during a manufacturing step of the
clectron source substrate having a plurality of electron-emiut-
ting devices. FIG. 81s a schematic plan view showing the state
before the forming during a manufacturing step of the elec-
tron source substrate having a plurality of electron-emitting
devices.

(Creation of the Device Electrodes)

As a substrate 1 1 FIG. 7, glass having a thickness of 2.8
mm of “PD200” (made by Asahi1 Glass Co., Ltd.) in which a
quantity of alkali components 1s small 1s used, the upper
surface of this glass 1s further coated with an S10, film having
a thickness of 100 nm as a sodium block layer, the resultant
glass 1s baked, and the obtained glass 1s used.

The device electrodes 2 which are 1n contact with the
X-directional wirings (upper wirings) 10 and the device elec-
trodes 3 which are 1n contact with the Y-directional wirings
(lower wirings) 8 are formed by the following method. That
1s, first, a titanium (1) film having a thickness of 5 nm 1s
formed as an underlayer onto the substrate 1 by the sputtering
method, a platinum (Pt) film having a thickness of 40 nm 1s
formed thereon, and thereatter, the resultant surface 1s coated
with a photo resist and patterned by a series of photolithog-
raphy method such as exposure, development, and etching,
thereby forming those electrodes.

(Creation of the Y-Directional Wirings)

The Y-directional wirings 8 which are used as common
wirings are formed by a method whereby a silver (Ag) paste
made by Nortake Co., Ltd. 1s used as a material and printed
by the screen printing method 1n the state where 1t 1s come into
contact with the device electrodes 3, and thereafter, 1t 1s baked
at 580° C. for 8 minutes. As shapes of the Y-directional
wirings 8, they are formed by a line-shaped pattern so as to
couple a plurality of device electrodes 3. A thickness of each
of the Y-directional wirings 8 1s set to about 10 um and a line
width 1s set to 50 um.

(Creation of the Insulative Layer)

Subsequently, the msulative layer 9 1s formed to nsulate
the Y-directional wirings 8 and the X-directional wirings 10
provided 1n the direction which crosses the wirings 8. The
isulative layer 9 1s formed by the following method. That 1s,
a paste 1n which PdO 1s used as a main component and a glass
binder 1s mixed 1s used as a component material, printed by
the screen printing method, and baked at 580° C. for 8 min-
utes, and by repeating these processing steps twice, the mnsu-
lative layer 9 1s formed. A thickness of insulative layer 9 1s set
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to about 30 um and a line width 1s set to 150 um. Contact holes
are formed 1n the insulative layer 9 1n the positions serving as
connecting portions of the X-directional wirings 10 and the
device electrodes 2 so that they can be electrically connected.

(Creation of the X-Directional Wirings)

The X-directional wirings 10 are formed after the insula-
tive layer 9 was formed. The X-directional wirings 10 are
formed by a method whereby a silver (Ag) paste 1s printed
onto the formed insulative layer 9 by the screen printing
method, and baked at 480° C. for 10 minutes. The X-direc-
tional wirings 10 are connected to the device electrodes 2 in
the contact hole portions of the mnsulative layer 9. The X-di-
rectional wirings 10 are formed 1n a line-shape 1n the direction
which crosses the Y-directional wirings 8 and a thickness of
cach of the X-directional wirings 10 1s set to about 15 um.

Although not shown, leading terminals to the external driv-
ing circuit are also formed by a method similar to that men-
tioned above.

(Creation of the Electroconductive Thin Film)

The electroconductive thin film 4 1s formed between the
device electrodes 2 and 3 by the ink-jet coating method, so
that the substrate 1 before the creation of the electron-emit-
ting region 5 (refer to FIGS. 1, 2, and 5) by the forming 1s
obtained as shown in FIG. 8.

Upon 1nk-jet coating, to compensate a planer variation of
each of the device electrodes 2 and 3 on the substrate 1, a
layout deviation of the pattern 1s observed at several points on
the substrate 1, a deviation amount of the points between the
observing points 1s linearly approximated to thereby comple-
ment the position, thereby eliminating the positional devia-
tion of all pixels and allowing the coating process to be
accurately performed to the corresponding positions.

As a coating material, to obtain the electroconductive thin
film 4 of a palladium film, first, a small amount of additive
agent 1s added and a palladium complex 1s dissolved nto a
solvent comprising water and 1sopropyl alcohol (IPA), so that
a solution containing palladium 1s obtained. A droplet of such
a solution 1s adjusted so as to have a dot diameter of 60 um and
injected between the device electrodes 2 and 3 on the sub-
strate 1 by an 1nk-jet injecting apparatus using piezoelectric
clements as droplet applying means. After that, the substrate
1 1s heated and baked in the air at 350° C. for 10 minutes,
thereby forming a thin film of palladium oxide (PdO). A
diameter of PdO thin film 1s equal to about 60 um and a
maximum thickness 1s equal to 10 nm.

Embodiment 1

With respect to the substrate 1 shown in FIG. 8 obtained
until the electroconductive thin film 4 1s formed after the
device electrodes 2 and 3 were formed as mentioned above,
the creation, forming, and activation of the antistatic {ilm 6,

which will be. explained hereinbelow, are executed and char-
acteristics are evaluated.

(Creation of the Antistatic Film)

FIG. 9 1s a schematic plan view showing a fundamental
construction regarding the pair of device electrodes 2 and 3 on
the substrate 1 shown 1n FIG. 8 which 1s obtained until the
clectroconductive thin film 4 1s formed aiter the device elec-
trodes 2 and 3 were formed as mentioned above. The whole
surface of the substrate 1 1n the state of FIG. 9 1s coated with
a photosensitive resist liquid. As shown 1n FIG. 10, the elec-
troconductive thin film 4 1s divided into almost halves and
patterned so that a resist {ilm 100 remains only on the side of
one of the device electrodes 2 and 3 (device electrode 3 side
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in FIG. 10). The coating step of the resist liquid can be
executed by the spinner method, dipping method, spray-coat-
ing method, or the like which 1s ordinarily used.

Subsequently, the whole surface of the substrate 1 1s coated
with a coating liquid containing the component material of
the antistatic film 6 (refer to FIGS. 1 and 2) from a position
over the resist film 100. As a coating liquid, a dispersing
liquid 1n which minute particles of tin oxide have been dis-
persed 1s used and the whole surface 1s uniformly coated with
the dispersing liquid by the spray, thereby obtaining a state of
FIG. 11 in which the surface of the substrate 1 1s covered with
a coating film 110.

By peeling off the resist film 100 (refer to FIG. 10) by using
a peeling liquid, the coating film 110 on the resist film 100 1s

removed and the resultant substrate 1s baked 1in an atmo-
spheric baking furnace at 350 to 400° C. for about 10 to 30
minutes. As shown in FIG. 12, the electroconductive thin film
4 1s divided into almost halves and the antistatic film 6 1s

tormed only on the side of one of the device electrodes 2 and
3 (device electrode 2 side 1n FIG. 12).

Subsequently, the whole surface of the substrate 1 1s coated
with the photosensitive resist liquid again and patterned so

that a resist film 130 remains on the side of the antistatic film
6 which has already been formed as shown 1n FIG. 13. The

resist film 130 1s patterned so as to cover the antistatic film 6
and the device electrode 3 side 1s made to be larger than the
antistatic film 6 by an interval (d).

After the creation of the resist film 130, the whole surface
of the substrate 1 1s coated again with the same coating liquid
as that mentioned above, thereby obtaining a state of FIG. 14
in which the surface of the substrate 1 1s covered with a
coating film 140.

By peeling off the resist film 130 (refer to FIG. 13) by using,
the peeling liquid, the coating film 140 on the resist film 130
1s removed, the resultant substrate 1s baked 1n the atmospheric
baking furnace at 350 to 400° C. for about 10 to 30 minutes.
As shown 1n FIG. 15, the antistatic films 6 and 6 which are
separated to the device electrode 2 side and the device elec-
trode 3 side by the high-impedance portion 7 as a discontinu-
ous portion of the interval (d) passing through almost the
center portion of the electroconductive thin film 4 are formed.

The discontinuous portion of the interval (d) at this time 1s
set to about 2 to 3 um 1n consideration of precision of a mask
pattern. It has been confirmed by the following measurement
that a sheet resistance of the high-impedance portion 7 (dis-
continuous portion) mterposed between the separated anti-
static films 6 and 6 is larger than 1x10"'= €/

(Forming)
Subsequently, the forming step 1s executed.

In the state where edge portions of the Y-directional wir-
ings 8 and the X-directional wirings 10 are exposed as extrac-
tion electrodes around the substrate 1 shown 1n FIG. 7, a
hood-shaped cap 1s put so as to cover the whole substrate 1
and the mner space between them 1s exhausted by a vacuum
pump, thereby forming a vacuum space 1n the region between
the substrate 1 and the cap. The inside 1s exhausted until an
internal pressure reaches 2x107> Pa. Further, nitrogen gases
in which 2% hydrogen 1s mixed are introduced. The voltage 1s
applied between the X-directional wirings 10 and the Y-di-
rectional wirings 8 from the extraction electrode portions by
an external power source and a current 1s supplied between
the device electrodes 2 and 3, so that the gap 3 1n the electri-
cally high-resistance state 1s formed 1n the electroconductive
thin film 4. The forming voltage is set to the wavetorm shown
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in FIG. 3A. In the embodiment, the pulse width T1 1s setto 0.1
msec, a pulse interval T2 1s set to 10 msec, and the peak value
1s set to 10V,

(Activation)
The process called activation 1s subsequently executed.

In a manner similar to the foregoing forming process, a
vacuum space 1s formed and the pulse voltage 1s repetitively
applied to the device electrodes 2 and 3 from the outside
through the X-directional wirings 10 and the Y-directional
wirings 8.

In this step, trinitrile 1s used as a carbon source and 1ntro-
duced nto the vacuum space between the hood-shaped cap
and the substrate 1 through a slow leakage valve, and a pres-
sure of 1.3x10™* Pa is maintained.

The voltage which 1s applied 1s set to a wavelorm as shown
in FIG. 4A, the pulse width T1 1s set to 1 msec, the pulse

interval T2 1s set to 10 msec, and the peak value 1s setto 16V,

The energization 1s stopped at a point when the device
current reaches almost a saturation value after about 60 min-
utes, the slow leakage valve 1s closed, and the activating
process 1s finished.

The electron source substrate having a plurality of elec-
tron-emitting devices as shown in FIG. 8 can be formed by the
foregoing processing steps. In FIG. 8, the electron-emitting
region 5, the antistatic film 6, and the high-impedance portion

7 are omitted and their explanation has been made above with
reference to FIGS. 1, 2, and 5.

(Evaluation of Characteristics)

First, a measuring and evaluating apparatus of character-
istics will be described with reference to FIG. 16.

FIG. 16 1s an explanatory diagram of the measuring and
evaluating apparatus for measuring the characteristics of the
clectron source substrate.

In the measuring and evaluating apparatus shown 1n FIG.
16, to measure a device current If flowing across the device
clectrodes 2 and 3 of the electron-emitting device and an
emission current Ie to an anode electrode 164, a power source
161 and an ammeter 160 are connected to the device elec-
trodes 2 and 3 and the anode electrode 164 to which a power
source 163 and an ammeter 162 are connected 1s arranged
over the electron-emitting device.

In FIG. 16, reference numeral 1 denotes the insulative
substrate; 2 and 3 the device electrodes; 4 the electroconduc-
tive thin film; and 35 the electron-emitting region. Reference
numeral 161 denotes the power source for applying a device
voltage V1 to the electron-emitting device; 160 the ammeter
to measure the device current If flowing 1n the electroconduc-
tive thin film 4 including the electron-emitting region 3
between the device electrodes 2 and 3; 164 the anode elec-
trode to capture the emission current Ie which 1s emitted from
the electron-emitting region 5 of the electron-emitting device;
163 the high-voltage power source to apply the voltage to the
anode electrode 164; and 162 the ammeter to measure the
emission current Ie which 1s emitted from the electron-emat-
ting region 5 of the electron-emitting device. The electron-
emitting device and the anode electrode 164 are disposed in a
vacuum apparatus 165. Apparatuses such as exhaust pump
166, vacuum gauge, and the like which are necessary for the
vacuum apparatus are provided for the vacuum apparatus,
thereby enabling the electron-emitting device to be measured
and evaluated 1n a desired vacuum. The voltage to the anode
electrode 164 1s set to 1 to 10 kV, a distance H between the
anode electrode 164 and the electron-emitting device 1s set to
a range from 2 to 8 mm, and the measurement 1s performed.
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The characteristics of the electron source substrate formed
in accordance with the embodiment 1 are measured and
evaluated by using the measuring and evaluating apparatus.

The voltage which 1s applied between the device electrodes
2 and 3 1s set to a standard voltage of 17V and the measure-
ment 1s performed. A scanning line voltage on the side of the
X-directional wirings 10 at that time 1s set to —11V and a
signal line voltage on the side of the Y-directional wirings 1s
set to +6V. The voltage which 1s applied between the anode
clectrode 164 and the electron source substrate 1s set to 1 kV
and the measurement 1s performed. Thus, values of I1=1 mA,
Ie=1.2 uA, and efficiency=0.12% are obtained.

The voltage 6V 1s applied as a non-selection voltage to the
clectron-emitting devices which are not selected under the
above conditions and non-selection currents of the number
corresponding to the number of non-selection electron-emit-
ting devices flow 1 a driving IC. In the electron source sub-
strate according to the embodiment, however, a leakage cur-
rent 1in the case where 6V upon non-selection has been applied
1s equal to or less than 0.1 uA and very weak.

Embodiment 2

In a manner similar to the embodiment 1, with respect to
the substrate 1 shown 1n FIG. 8 and obtained until the elec-
troconductive thin film 4 1s formed after the device electrodes
2 and 3 were formed, the whole surface of the substrate 1 on
which the device electrodes 2 and 3 and the like have been
formed 1s coated with a coating liquid of an antistatic film
similar to that in the embodiment 1 by a spray coating method
similar to that in the embodiment 1 (however, the resist films
100 and 130 are not provided), baked in the atmospheric
baking furnace at 350 to 400° C. for 10 to 30 minutes, thereby
forming the antistatic film 6 (refer to FIGS. 1 and 2).

After that, the antistatic {ilm 6 1s separated by using a laser
beam machine so as to have a width of 2 to 3 um as shown in
FIG. 17. An area of the first antistatic {ilm 6 connected to the
device electrode 2 and an area of the second antistatic film 6
connected to the device electrode 3 are separated through the
high-impedance portion 7 as a separating portion. It has been
confirmed by the subsequent measurement that a sheet resis-
tance between the separated antistatic films 6 and 6 1s larger
than 1x10"* Q/].

The forming and activation are executed 1n a manner simi-
lar to the embodiment 1 and characteristics of the obtained
clectron source substrate are measured and evaluated by
using the measuring and evaluating apparatus.

The voltage which 1s applied between the device electrodes
2 and 3 1s set to the standard voltage of 17V, the scanning line
voltage on the side of the X-directional wirings 10 at that time
1s set to —11V, and the signal line voltage on the side of the
Y-directional wirings 1s set to +6V. The voltage which 1s
applied between the anode electrode 164 and the electron
source substrate 1s set to 1 kV and the measurement 1s per-
tormed. Thus, values of I1=1.2 mA, Ie=1.2 uA, and the effi-
ciency=0.10% are obtained. The voltage 6V 1s applied as a
non-selection voltage to the electron-emitting devices which
are not selected at this time. As a result of the measurement,
the leakage current upon non-selection 1s equal to or less than
0.1 pA and this value 1s almost the same as that 1n the embodi-
ment 1.

Embodiment 3

With respect to the substrate 1 shown i FIG. 7 and
obtained until the X-directional wirings 10 are formed after
the device electrodes 2 and 3 were formed, an aluminum film
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having a thickness of about 500 nm 1s formed by aluminum
sputtering. After that, 1t 1s coated with the photosensitive
resist liquid by the spraying method, patterned, developed,
and a substratum pattern 180 shown 1n FIG. 18 1s formed on
the developed film by aluminum etchant. After that, as
already mentioned 1n the term of “creation of the electrocon-
ductive thin film”, the interval between the device electrodes
2 and 3 1s coated with the solution containing organic palla-
dium by the 1nk-jet method, baked at 350° C. for 30 minutes,
thereby forming the electroconductive thin film 4 shown in
FIG. 19.

The whole surface of the film 4 1s similarly coated with a
coating liquid similar to that in the embodiment 2 from a
position over the film 4 and baked at 200° C. for 20 minutes,
thereby forming the antistatic film 6 as shown in FIG. 20.

After that, the substratum pattern 180 which has already
been formed 1s completely removed by a peeling liquid and a
part of the electroconductive thin film 4 formed on the alu-
minum {ilm 180 and the antistatic film 6 are simultaneously
removed so as to separate the area on the side of the device
electrode 2 and the area on the side of the device electrode 3,
thereby forming the high-impedance portion 7 shown in FIG.
21. It has been confirmed that the sheet resistance of the
high-impedance portion 7 is larger than 1x10"'* Q/

Subsequently, the forming and activation are executed 1n a
manner similar to the embodiment 1.

By using the electron source substrate formed in accor-
dance with the embodiment 3, characteristics are evaluated by
using the characteristics evaluating apparatus shown 1n the
embodiment 1. Thus, 1t has been confirmed that the leakage
current upon non-selection 1s equal to or less than 0.1 pA and
only a very weak leakage current tlows into the driver IC for
driving 1n a manner similar to the embodiments 1 and 2.

COMPARISON EXAMPL.

L1

As a comparison example, with respect to the electron-
emitting device with a construction similar to that in the
embodiment 1 except that the high-impedance portion 7 1s not
formed 1n the antistatic film 6, characteristics are measured
and evaluated by using the measuring and evaluating appara-
tus shown 1n the embodiment 1. Thus, the leakage current
flowing upon non-selection reaches 1 mA and a phenomenon
in which 1t further rises 1n association with the driving occurs.

Embodiment 4

According to this embodiment, a fissure serving as a high-
impedance portion 1s formed in the antistatic film by the
improvement of the forming process. A forming method of an
clectron source substrate in the embodiment 4 will be sequen-
tially explained hereinbelow.

(Creation of the Substrate 1 and the Device Electrodes 2 and
3).

An S10, film having a thickness of 100 nm 1s formed as a
sodium block layer onto glass having a thickness o1 2.8 mm of
“PD-200” (made by Asahi Glass Co., Ltd.) 1n which a quan-
tity of alkali components 1s small 1s used as a substrate 1 and
the obtained substrate 1s used as an electron source substrate
shown 1n FIG. 5. The device electrodes 2 and 3 are formed by
the following method. That 1s, a T1 film having a thickness of
5> nm 1s formed as a substratum layer onto the glass substrate
1 by the sputtering method, a Pt film having a thickness of 40
nm 1s formed on the T1 film, and thereafter, the electrodes are
tormed by the photolithography method. An interval between
the device electrodes 2 and 3 1s set to 10 uM.
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(Creation of the Y-Directional Wirings 8)

The Y-directional wirings (lower wirings) 8 are formed by
a line-shaped pattern so as to be come into contact with one of
the device electrodes 2 and 3 and couple them. A silver (Ag)
photopaste ink 1s used as a material, screen-printed, and after
that, dried, exposed to a predetermined pattern, and devel-
oped. Alter that, it 1s baked at a temperature o1 480° C. and the
Y-directional wirings 8 are formed. A thickness of each of the
Y-directional wirings 8 1s set to about 10 um and a width 1s set
to 60 um.

(Creation of the Insulative Layer 9)

Subsequently, the insulative layer 9 1s arranged so as to
cover the crossing portions of the Y-directional wirings 8
which have been formed first and the X-directional wirings
(upper wirings) 10, which will be explained hereinafter. At
this time, contact holes are formed 1n the insulative layer 9 of
the connecting portions so that the X-directional wirings 10
and the device electrodes 2 can be electrically connected. In
this step, a photosensitive glass paste containing PdO as a
main component 1s screen-printed and, thereafter, exposed
and developed. Those processing steps are repeated four
times and the insulative layer 1s finally baked at a temperature
ol 480° C. The whole thickness of insulative layer 9 1s set to
about 30 um and a width 1s set to 150 um.

(Creation of the X-Directional Wirings 10)

The X-directional wirings (upper wirings) 10 are formed
by the following method. That 1s, the silver (Ag) photopaste
ink 1s screen-printed onto the insulative layer 9 which has
been formed first and, after that, dried. Stmilar processes are
executed onto the msulative layer 9 again and it 1s painted
twice and baked at a temperature of 480° C., thereby forming
the X-directional wirings 10. The wirings 10 are connected to
the device electrodes 2 in the contact hole portions of the
insulative layer 9. A thickness of each of the X-directional
wirings 10 1s set to about 15 um. Although not shown, leading,
terminals to the external driving circuit are also formed by a
method similar to that mentioned above.

In this manner, the substrate 1 with the print pattern having,
the XY matrix wirings 1s formed.

(Creation of the Flectroconductive Thin Film 4)

After the substrate 1 was cleaned, the surface 1s processed
by using a water repellent agent so that the surface has hydro-
phobic property. After that, the electroconductive thin film 4
1s formed between the device electrodes 2 and 3 by the ink-jet
coating method.

In the embodiment, 1n order to form the electroconductive
thin film 4 by the palladium {film, first, a small amount of
additive agent 1s added and a palladium complex 1s dissolved
into a solvent comprising water and 1sopropyl alcohol (IPA),
so that a solution containing palladium 1s obtained. A droplet
of such a solution 1s adjusted so as to have a dot diameter of 60
um and injected between the device electrodes 2 and 3 on the
substrate 1 by the ink-jet injecting apparatus using the piezo-
clectric elements as droplet applying means. After that, the
substrate 1 1s heated and baked 1n the air at 350° C. for 10
minutes, thereby forming a thin film of palladium oxide
(PdO). A diameter of PdO thin film 1s equal to about 60 um
and a maximum thickness 1s equal to 10 nm.

The palladium oxide film (PdO film) 1s formed as an elec-
troconductive thin film 4 between the device electrodes 2 and
3 by the foregoing steps.

(Creation of the Antistatic Film 6)

Subsequently, a solution obtained by dispersing super-
minute particles containing tin oxide as a main component
into an organic solvent (mixture liquid of 1sopropyl alcohol
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and ethyl alcohol) 1s sprayed onto the whole surface of the
substrate 1 by a spray injecting apparatus. After that, a heat
treatment 1s executed at 380° C. for 10 minutes, thereby
forming the antistatic film 6 (refer to FI1G. 23). A thickness of
antistatic film 6 1s adjusted to 30 nm as an average and a sheet
resistance value is adjusted to 1x10"° Q/[]. FIG. 23 shows the
fissure 7 as a high-impedance portion 7 formed by processing
steps, which will be explained hereinaftter.

(Forming Step)
Subsequently, the forming step 1s executed.

In the state where the edge portions of the Y-directional
wirings 8 and the X-directional wirings 10 are exposed as
extraction electrodes around the substrate 1, the hood-shaped
cap 1s put so as to cover the whole substrate 1 and the 1inner
space between them 1s exhausted by the vacuum pump,
thereby forming a vacuum space in the region between the
substrate 1 and the cap. The inside 1s exhausted until the
internal pressure reaches 2x10~> Pa. Further, the nitrogen
gases 1n which 2% hydrogen 1s mixed are introduced. The
voltage 1s applied between the X-directional wirings 10 and
the Y-directional wirings 8 from the extraction electrode por-
tions by the external power source and a current 1s supplied
between the device electrodes 2 and 3, so that the gap S in the
clectrically high-resistance state 1s formed 1n the electrocon-
ductive thin film 4. The forming voltage 1s set to the wavetform
shown 1n FIG. 3A. In the embodiment, the pulse width T1 1s
set to 0.1 msec, the pulse interval T2 1s setto 10 msec, the peak
value 1s set to 10V, and the process 1s executed for about 20
minutes.

In the embodiment, after the above step was executed once,
the additional forming 1s executed at the peak value of 12V as
a condition of the higher voltage. By the additional forming
process, the gap 5 of the electroconductive thin film 4 at the
end time point of the above forming 1s allowed to reach the
edge portion of the electroconductive thin film 4 (contact
portion with the antistatic film 6). The gap interval in the edge
portion of the electroconductive thin film at this time 1s equal
to about 50 nm.

As a condition of the additional forming, 1t 1s important to
set the condition of the higher power. As a condition other
than the condition 1n which the higher voltage 1s set, a method
whereby the pulse width 1s widened more, the pulse interval
1s shortened, or the like can be also used. When a sample
obtained at the time point of the end of the additional forming
1s extracted and the gap 5 of the electroconductive thin film 4
1s observed by a scanning electron microscope, 1t has been
confirmed that the gap 5 reached the edge portion of the
clectroconductive thin film 4 (contact portion with the anti-
static {1lm 6).

(Activating Step)

The process called activation 1s executed to the electron-
emitting device.

In a manner similar to the foregoing forming process, a
vacuum space 1s formed and the pulse voltage 1s repetitively
applied to the device electrodes 2 and 3 from the outside
through the X-directional wirings 10 and the Y-directional
wirings 8.

In this step, trinitrile 1s used as a carbon source and 1ntro-
duced 1nto the vacuum space between the hood-shaped cap
and the substrate 1 through the slow leakage valve, and the
pressure of 1.3x107* Pa is maintained. The pressure of trini-
trile which is introduced is preferably set to about 1x107 to
1x107* Pa although it is slightly influenced by the shape of the
vacuum apparatus, the members used 1n the vacuum appara-
tus, or the like.



US 7,482,742 B2

17

The voltage which 1s applied 1s set to the waveform as
shown 1n FIG. 4A, the pulse width T1 1s set to 1 msec, the
pulse interval T2 1s set to 10 msec, and the peak value 1s set to
16V.

The energization 1s stopped at a point when the device
current IT reaches almost the saturation value after about 60
minutes, the slow leakage valve 1s closed, and the activating,
process 1s finished. When the gap 35 of the electroconductive
thin film 4 at the point of time when the activation 1s finished
1s observed, 1t has been confirmed that the gap 5 reached the
area of the antistatic film 6 (refer to FI1G. 23) adjacent to the
clectroconductive thin film 4 and the fissure 7 was formed.

The electron source substrate having a plurality of elec-
tron-emitting devices can be formed by the above steps.

In the embodiment, since the additional forming step 1s
executed at the time of the forming step, the gap S can be
formed up to the edge portion of the area of the electrocon-
ductive thin film 4. Therefore, upon activation, the fissure 7
can be certainly formed in the antistatic film 6 (refer to FIG.
23)adjacent to the outside of the area of the electroconductive
thin film 4. A length of fissure 7 formed 1n the antistatic film
6 1s equal to about 250 nm.

With respect to the electron-emitting device formed by the
manufacturing method as mentioned above, the emission cur-
rent Ie and the device current If are measured by the measur-
ing and evaluating apparatus shown in FIG. 16. With respect
to the electron-emitting device manufactured in the embodi-
ment, the emission current Ie at the voltage (VI=12V) applied
across the device electrodes 2 and 3 1s measured. Thus, the
average emission current 1s equal to 0.6 uA, average electron
emissivity 1s equal to 0.15%, and the device current If 1n the
case where applied voltage VI across the device electrodes 2
and 3 1s equal to 5V corresponding to the current flowing
between the device electrodes 2 and 3 in the non-selection
mode (non-driving mode) 1s equal to 0.01 pA.

The conventional electron-emitting device i which the
gap 3 has been formed only in the electroconductive thin film
4 and does not reach the area of the antistatic film 6 (refer to
FIG. 23) adjacent to the electroconductive thin film 4 1s mea-
sured. The device current If 1n the case where applied voltage
VT across the device electrodes 2 and 3 1s equal to 5V corre-
sponding to the current flowing between the device electrodes
2 and 3 1n the non-selection mode 1s equal to 0.02 pA.

In the electron source substrate according to the embodi-
ment, electrons are emitted from an area near the gap 5 by
applying the voltage across the device electrodes 2 and 3.
However, since the gap 5 has arrived as a fissure 7 not only 1n
the electroconductive thin film 4 but also at the area of the
antistatic film 6 adjacent to the electroconductive thin film 4,
as shown by arrows 1n FI1G. 23, a path of the current flowing
in the antistatic film 6 adjacent to the electroconductive thin
film 4 has to bypass the fissure 7. Thus, a distance of such a
current path 1s longer than that of the path 1n the conventional
electron source substrate shown in FIG. 22. Moreover, since
the resistance value of the antistatic film 6 1s a few digits larger
than that of the electroconductive thin film 4, the leakage
current flowing 1n the antistatic film 6 adjacent to the electro-
conductive thin film 4 1s extremely decreased as compared
with that of the conventional electron source substrate.

Although the case where the gap 5 has reached the anti-
static film 6 and the fissure 7 1s formed has been described
above, 1t 1s not always necessary that the fissure 7 1s formed as
an extension of the gap 5 so as to have almost the same width
and depth as those of the gap 5. The fissure 7 can be formed,
for example, only on the surface of the antistatic film 6, 1n
other words, 1t can be formed with a depth which does not
reach the surface of the substrate 1 or can be also formed with
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a width that 1s narrower or wider than the gap 5. It 1s a feature
of the embodiment that the high-impedance portion connect-
ing to the gap 5 of the electroconductive thin film 4 1s formed
in the anftistatic film 6 and the state where the leakage current
flowing 1n the antistatic film 6 of the portion adjacent to the
gap 3 1s decreased 1s accomplished, and 1t 1s not always
necessary that the high-resistance portion 1s formed as an
extension of the gap 5.

It 1s preferable that a length of fissure 7 1s equal to or larger
than 5 times of the interval at the edge portion of the gap 3.
Thus, the value of the current flowing 1n the antistatic film 6
can be decreased to 1o or less as compared with that in the
case where there 1s no fissure 7.

According to the image-forming apparatus of the invention
manufactured 1n a manner similar to the foregoing other
embodiment, the electrons are emitted by applying the volt-
age to the electron-emitting devices through the Y-directional
wirings 8 and the X-directional wirings 10, a high voltage 1s
applied to the metal back 63 as an anode electrode from the
high-voltage terminal 66, the electron beam i1s accelerated,
and the beam 1s made to collide with the phosphor film 62,
thereby enabling the image to be displayed.

The foregoing image-forming apparatus can keep high dis-
play quality.

According to the electron source substrate of the invention,
since the high-impedance portion 1s provided for the anti-
static film, the leakage current caused between the device
clectrodes 1n the non-selection voltage applying mode can be
prevented and the electric power consumption can be sup-
pressed. Since the leakage current can be prevented, the elec-
tron source having high electron emissivity (ratio of the emis-
sion e¢lectrons (current which 1s emitted) to the current
flowing across the device electrodes) can be obtained. There-
fore, 1n the 1image-forming apparatus using such an electron
source substrate, a driver 1C having a large capacity 1n con-
sideration of the leakage current does not need to be used as
a driver IC. By using a driver IC having a small capacity, the
costs can be reduced. Particularly, in the embodiment 1n
which the fissure serving as a high-impedance portion has
been formed 1n the antistatic film adjacent to the electrocon-
ductive thin film so as to be continuous with the gap of the
clectroconductive thin-film serving as an electron-emitting
region, when the current flows in the antistatic film adjacent to
the electroconductive thin film, 1t flows while bypassing the
fissure. The current path 1s longer than that in the case where
the fissure serving as a high-impedance portion does not exist.
Thus, the leakage current flowing in the antistatic {ilm adja-
cent to the electroconductive thin film can be remarkably
decreased.

This application claims priority from Japanese Patent
Application Nos. 2004-066554 filed Mar. 10, 2004 and 2004-
068376 filed Mar. 11, 2004, which are hereby incorporated by
reference herein.

What 1s claimed 1s:

1. An electron source substrate comprising:

a substrate;

an electron-emitting device having a pair of device elec-

trodes locating on said substrate and an electroconduc-
tive thin film which 1s provided between said device
clectrodes and has a gap serving as an electron-emitting
region; and

an antistatic film which 1s 1n contact with at least said pair

of device electrodes and covers over an exposed surface
of said substrate,

wherein an impedance portion which obstructs a current

caused between said pair of device electrodes through
said antistatic film 1s formed on said antistatic film.
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2. An electron source substrate according to claim 1, 6. An e¢lectron source substrate according to claim 2, fur-
wherein the high-impedance portion of said antistatic film has ther comprising:
a sheet resistance value which 1s 100 or more times as large as

. . . . lurality of said electron-emitting devices; and
that of the antistatic film adjacent to said impedance portion. a plurality ol said electron-emitling devices; an

3. An electron source substrate according to claim 2, 3 X-directional wirings and Y-directional wirings which are
wherein said antistatic film 1s 1n contact with an outer edge of connected to each of said electron-emitting devices and
said electroconductive thin film and said impedance portion s formed 1n the directions which cross each other.

a fissure which 1s continuous with a gap. 7. An image-forming apparatus in which the electron

4. An electron source substrate according to claim 2, ggyrce substrate according to claim 6 and a substrate having

wherein the impedance portion of said antistatic film has a 10
sheet resistance value larger than 10'* Q/[].

5. An electron source substrate according to claim 2,
wherein the impedance portion of said anftistatic film 1s
formed as a thinner film portion or a discontinuous portion of
the antistatic film. S I T

an 1mage-forming member which displays an image by irra-
diation of an electron beam trom said electron source sub-

strate are arranged so as to face each other.
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